We have derived the star formation history of the Milky Way disk over the last 2 Gyr with a time resolution of 0.05 Gyr from the age distribution diagram of a large sample of open clusters comprising more than 580 objects. By interpreting the age distribution diagram using numerical results from an extensive library of N -body calculations carried out during the last ten years, we reconstruct the recent star formation history of the Milky Way disk. Under the assumption that the Galactic disk has never been polluted by any extragalactic stellar populations, our analysis suggests that superimposed on a relatively small level of constant star formation activity mainly in small-N star clusters, the star formation rate has experienced at least 5 episodes of enhanced star formation lasting about 0.2 Gyr with production of larger clusters. This cyclic behavior seems to show a period of 0.40±0.05 Gyr for the Galactic disk and could be the result of density waves and/or interactions with satellite galaxies. On the other hand, the star formation rate history from a volumelimited sample of open clusters in the solar neighbourhood appears to be consistent with the overall star formation history obtained from the entire sample. Pure continuous star formation both in the solar neighbourhood and the entire Galactic disk is strongly ruled out. Our results also indicate that, in the Milky Way disk, about 90% of open clusters are born with N ≤ 150 and the slope in the power-law frequency distribution of their masses is about -2.8 when quiescent star formation takes place. If the above results are re-interpreted taking into consideration accretion events onto the Milky Way, it is found that a fraction of the unusually high number of open clusters with ages older than 0.6 Gyr may have extragalactic origin. Problems arising from the selection effects and the age errors in the open cluster sample used are discussed in detail.
Introduction
Throughout the Milky Way's history, a non-negligible fraction of star formation has apparently occurred in starburst-like events (see Majewski, 1993 or Freeman & Bland-Hawthorn, 2002 , for a review). On the other hand, observations suggest that present-day star formation in the disk of our Galaxy takes place in stellar groupings rather than in isolation. These stellar aggregates form from molecular clouds, and in the disk of the Milky Way they appear in two types: bound and unbound. Unbound, short lived stellar groupings are called associations; bound, long lived stellar groups are known as open clusters. Open clusters can also be formed out of the remains of rich stellar associations (Kroupa et al., 2001) . As most of the field stars appear to have been formed in the so-called clustered mode (i.e., in clusters or associations), not in the dispersed mode (i.e., in isolation), it is a natural choice to consider these stellar clumpings as the de facto units of star formation in the disk of our Galaxy (Clarke et al., 2000) . The idea of open clusters being fundamental units of star formation in the Galactic disk is, however, controversial (Meyer et al., 2000) . It has been argued that bound open clusters cannot contribute significantly to the field star population of the Galactic disk because they are rare and long-lived (e.g. Roberts, 1957) . In contrast, most young embedded clusters are thought to evolve into unbound stellar associations, which comprise the majority of stars that populate the Milky Way disk (Lada & Lada, 1991) . Nevertheless, if star clusters are the elementary units of star formation they can, in principle, be used to derive the star formation history, recent and old. Unfortunately, stellar associations evolve and dissolve in a time-scale of ∼ 50 Myr (Brown, 2002) , therefore they cannot be used to study the star formation history of the Galactic disk. On the other hand, open clusters are comparatively long lived objects that may serve as excellent probes into the structure and evolution of the Galactic disk.
The problem of deriving the star formation history of the Milky Way has been considered by a number of authors using different techniques (Twarog, 1980; Scalo, 1987; Barry, 1988; Gomez et al., 1990; Marsakov et al., 1990; Noh & Scalo, 1990; Meusinger, 1991; Soderblom et al., 1991; Micela et al., 1993 Bertelli & Nasi, 2001; Just, 2002 Just, , 2003 . The majority of these studies suggest that the disk of the Milky Way Galaxy has not experienced a smooth and constant star formation history but a bursty one with several episodes of enhanced star formation. Although most of these papers are restricted to the study of the star formation history for the solar neighbourhood, the star sample birth sites are in fact distributed over a very large range of distances because of orbital diffusion, and so they can provide an estimate of the global star formation rate and their conclusions can be extrapolated to the entire Milky Way disk.
In this paper we revisit the topic of the recent star formation history of the Milky Way disk by using data from the Open Cluster Database (Mermilliod, 2003) , the New Catalogue of Optically Visible Open Clusters and Candidates (Dias et al., 2003a, b) as well as Hipparcos data (ESA, 1997) to construct the open cluster age distribution. The age distribution diagram is then interpreted using numerical results from an extensive library of N-body calculations carried out during the last ten years. This method permits the reconstruction of the star formation history of the Milky Way disk over the last 2 Gyr with a time resolution of 0.05 Gyr using very few a priori assumptions. Our main objective is to understand the recent star formation history of the entire Galactic disk.
This paper is organized as follows: in Section 2, we present the properties of the Galactic open cluster sample. In Section 3, we summarize some relevant results on the evolution and dissolution of realistic N-body star cluster models. In Section 4, we present our method as well as results for the Galactic disk. A closer view to the last 0.2 Gyr is considered in Section 5. The star formation history of the solar neighbourhood is discussed in Section 6. A detailed comparison with results from other authors is carried out in Section 7. An alternative interpretation of our results in the context of dynamical merger histories is included in Section 8. Open questions and conclusions are summarized in Section 9.
An open cluster sample
For many years, the Lyngå catalogue (1985, 1987) has been the classical reference source for open cluster data. An exhaustive analysis of the properties of the Milky Way open cluster system using this catalogue was carried out by Janes et al. (1988) . Unfortunately, the Lyngå catalogue is not the most updated source of data in this field. The Open Cluster Database (WEBDA) created and maintained by J.-C. Mermilliod (1988 Mermilliod ( , 1992a Mermilliod ( , 1992b Mermilliod ( , 1993 Mermilliod ( , 1995 Mermilliod ( , 1996 Mermilliod ( , 2003 In this paper we use the three subsamples presented above to construct an age distribution diagram. As explained below, we choose 2 Gyr in order to obtain statistically relevant results. Our samples contain objects from dense, very young clusters to old and almost dissolved moving groups. The age-distance diagrams for the three samples appear in Fig. 1, 2 , and 3. The samples appear to be rather incomplete for open clusters more distant than ∼ 3.5 kpc.
The life span of open cluster models
After an open cluster is formed and its massive stars have expulsed the gas it will evolve steadily, losing stars in a relatively long time-scale. Distant encounters among cluster stars together with the Galactic tidal field cause the slow and gradual evaporation of the cluster. Close encounters and stellar evolution can speed up the process, specially for small, sparsely populated clusters. Primordial binaries are also very important (although less than stellar evolution) as they dominate completely the evolution of poor clusters. Violent, very fast cluster disruption can be induced during encounters with giant molecular clouds (Terlevich, 1983 (Terlevich, , 1985 (Terlevich, , 1987 . The disintegration time-scale of open clusters depends on both population and Galactocentric distance.
The numerical results discussed here come from an extensive set of simulations (de la Fuente Marcos, 1995 Marcos, , 1996a Marcos, , 1996b Marcos, , 1997a Marcos, , 1997b ; de la Fuente Marcos & de la Fuente Marcos, 2000, 2002) calculated with the standard N-body code NBODY5 (Aarseth, 1985 (Aarseth, , 1994 (Aarseth, , 1999 (Aarseth, , 2003 for clusters located in the solar neighbourhood. These calculations include the effects of stellar evolution, the Galactic tidal field, primordial binaries and realistic initial mass functions (hereafter IMF). NBODY5 consists of a fifth-order predictor-corrector integration scheme with individual time steps. It utilizes an Ahmad-Cohen (1973) neighbour scheme to facilitate calculation of the gravitational forces, (Mermilliod, 2003) . Only clusters with age ≤ 2 Gyr (581 objects) are plotted. The sample appears to be rather incomplete for open clusters more distant than 3.5 kpc. and handles close encounters via two-, three-, four-, and chain regularization techniques (Kustaanheimo & Stiefel, 1965; Aarseth & Zare, 1974; Mikkola, 1985; Mikkola & Aarseth, 1993) . Five different IMFs were used to generate stellar masses. Two standard power law models (Salpeter, 1995; Taff, 1974) and three modern IMFs due to Miller & Scalo (Miller & Scalo, 1979; Eggleton et al., 1989 ), Kroupa (Kroupa & Tout, 1992; Kroupa et al., 1990 Kroupa et al., , 1991 Kroupa et al., , 1993 and Scalo (Scalo, 1986) . The IMFs used in our calculations differ mainly in the number of low-mass and high-mass stars generated. The Salpeter IMF is given reasonably well by the approximation where ξ(M) dM is the number of stars in the mass interval M to M + dM. The Taff IMF is given by where X is uniformly distributed in the interval [0, 1]. For X ∼ 0.7-0.999, this gives a power-law expression with α = 7/3 and for X << 1 it gives an approximately constant value. For X > 0.999, the IMF slope is increased to 5. The Kroupa IMF is given by (Kroupa et al., 1993 )
We use the mass-generating function
as a convenient representation of these relations, where X is uniformly distributed in the interval [0, 1] and the γ-parameters are given by γ 1 = 0.19, γ 2 = 1.55, γ 3 = 0.050 and γ 4 = 0.6. No masses less than 0.08 M ⊙ are generated by this formula. It is based on Scalo's (1986) initial mass function. For the Scalo IMF we use the mass-generating function
where X is uniformly distributed in the interval IMFs. In addition, three different star densities (uniform, ∝ 1/r 2 , Plummer) have been used to generate the initial positions of the stars in the cluster model. Since the initial membership of a star cluster is the main parameter with regard to cluster life-time for a given Galactocentric distance, stellar evolution (through the IMF) is the only process able to induce a differential behaviour as a function of N.
Averaging cluster life-times for the entire library of models as a function of N to fit a power law to the data we obtain τ = 0.011 N 0.68 with a correlation coefficient of r = 0.995. The above evolutionary track is valid for cluster models with N > 100-150 members. Unfortunately, for smaller clusters the characteristic life-time is not very well defined as the energy released in a single supernova event may be larger that the binding energy of the entire cluster (de la Fuente Marcos, 1993). For clusters with N < 50, life times are in the range 5-40 Myr and for N = 75, τ < 80. In general, the fluctuation range for the life-times of small-N cluster models is very large and depends strongly on the initial mass function, the spatial distribution, and the binary fraction. For richer clusters, simulations indicate that in the solar neighbourhood and neglecting interactions with giant molecular clouds and the effect of the cluster gas on the early stages of the evolution of the cluster, an open cluster has to include about 200-400 stars in order to survive for about 0.5 Gyr, 400-700 
Method and results
In this section we give a detailed description of our open clusters age distribution method. In contrast with other methods we do not need any synthetic color-magnitude diagram or use any isochrone library or initial mass function.
Our results are only sensitive to the degree of completeness of the open cluster sample used and the errors in age determination. These two effects are discussed in detail below.
Method and assumptions
The open cluster catalogues offer high-quality data for a relatively large number of objects in the Milky Way disk, both in the solar neighbourhood and beyond. In particular, the age data can be used to construct an age distribution for the Milky Way open clusters. Once an age distribution is available, it is in principle easy to recover the star formation history that gave rise to the observed age distribution by using results from realistic N-body simulations. This method permits the reconstruction of the global star formation history of the Galactic disk with a remarkable time resolution of 0.050 Gyr over the last 2 Gyr. Our method does not assume any a priori structure or condition on the star formation rate and it basically consists of two steps: (i) Construct a representative sample of open clusters. In principle, the optimal approach will be to construct a volume-limited open cluster sample in the solar vicinity (see Section 6) . The cluster sample spans a very large range of ages. (ii) Construct the age distribution diagram for the sample. (iii) Infer the star formation history from the diagram. Observations of bursts of star formation in other galaxies indicate that intense star formation is always associated with production of large star clusters. The life span of larger clusters is longer; therefore, an usually high number of open clusters at a given time interval can be interpreted as the result of an event of enhanced star formation at that given age. This is probably the main a priori assumption maintained through the paper although it appears to be strongly supported by observational evidences. Luminous, and therefore rich, young star clusters are found whenever there is vigorous star formation, whether it be in galaxy mergers or starburst galaxies. Galaxies with very active star formation have proportionally more of their stars in clusters that in the field, with some of them devoting as much as 15-20% of their luminosity to clusters (Larsen & Richtler, 2000) . Presently available observational data strongly suggests than the cluster forming frequency is highest during violent bursts of star formation (van den Bergh, 2000). If star cluster masses are sampled from an initial mass function, larger numbers translate into increased probability of formation of large star clusters.
Results
The resulting star formation history comes directly from the age distribution (Figs. 5, 6), in an approach which assumes that the most frequent ages of the open clusters indicate the epochs when the star formation was more intense if we take into account that star clusters are the elementary units of the star formation process. We have not included any volume correction because the number of clusters more distant than about 6 kpc is negligible for the two samples considered. We refer basically to the clumps of clusters at about 0.35, 0.70, 1.13, 1.50, and 1.93 Gyr. These clumps will be identified as burst 1, 2, 3, 4 and 5, respectively. The actual existence of burst 1, 2 and 3 is not significantly (see the detailed discussion below) affected by uncertainties in the cluster ages as errors are smaller than 0.3 Gyr for all clusters (younger than 1.2 Gyr) in the samples considered. However, for clusters older than 1.2 Gyr age errors are in the range 0.5-0.8 Gyr, therefore the statistical significance of bursts 4 and 5 is not as well established as for 1, 2, and 3.
On the other hand, if we assume that the Galactic disk is not currently undergoing a burst of star formation and that the age distribution for stars younger than 0.2 Gyr is representative of the monotonic (quiescent) star formation rate in the Milky Way disk (i.e. it has not been polluted by an enhanced episode of star formation), then the fraction of open clusters that survives for less than about 0.25 Gyr is about 95%. This corresponds to the characteristic life-time of clusters with N ≤ 150. In other words, only 5% of all the open clusters are born with stellar populations larger than about 200 stars or masses > 80 M ⊙ . This result can be interpreted as star formation takes place preferentially in clusters that size. This result, that most of the stars form in small star clusters, had already been pointed out by Kroupa (1995a, b, c) and de la Fuente Marcos (1997b). However, a single 3000 stars open cluster can produce as many field stars as 60 small (50 stars) clusters and, as pointed out above, the number of large clusters violently destroyed during cluster-giant molecular cloud interactions, even difficult to estimate, can be very significant. Therefore it may also be possible that most of the field stars have been formed in large clusters, however we do not observe many large clusters today and the previous possibility remains rather speculative. In any case, the cumulative age distribution for the full open cluster sample shows a departure from the predictions of constant formation rate and exponentially declining dissolution rate. 
Quiescent vs. burst of star formation
The most recent star formation bursts are also the most likely bursts to have occurred, since they took place in the very recent past, and so are less affected by the age errors. The analysis in this section is based on the assumption that the enhancements observed in the open cluster age distribution are due to periodic, tidally triggered star formation bursts, but (as we will discuss below) they can also be triggered by density waves ( 
Limitations
The star formation history inferred for the Milky Way disk in the previous section is affected by selection effects and cluster age errors, therefore some features in the derived age distribution could be caused by the incompleteness of the sample. In this section we try to assess the accuracy of our results. As a result of these limitations, the actual amplitude of the bursts is likely higher. Working with a flux-limited sample makes it very difficult to estimate the evolution of the absolute star formation rate with the age of the disk.
As any other observational parameter, open cluster age determinations are affected by errors. The age errors affect considerably the duration of the star formation events, since they tend to scatter the ages of the star clusters originally born in a burst. We can expect that this error could smear out peaks and fill in gaps in the age distribution. In a large sample, these errors are very likely to be non-homogeneous as different methods have been used by different authors to calculate the ages. The disparity in open cluster ages (when considering different authors, see WEBDA for multiple examples) partly reflects the critical dependence of cluster isochrone fitting on the adopted reddening (often large for open clusters), even small reddening errors can create significant errors in the derived age and metallicity. However, determining effective temperatures and metallicities for cluster turn off stars directly through echelle spectroscopy is free from systematic errors and subject only to uncertainties in the model atmospheres. Some ages for clusters in the samples considered have been determined using the first technique, but some others have been found using the second one or even other indirect methods.
We have tested our results using synthetic age distribution diagrams from the original data. Each simulation was composed by the following steps: 4) The process is repeated 150,000 times per error value and we calculate the average number of objects per age bin. The final, averaged, sample is plotted in Fig. 7 .
We have carried out six sets with 150,000 simulations to study this effect. Simulations appear to indicate that for age errors of about 15% or lower bursts 2, 3, 4, and 5 remain relatively unaltered both in terms of age and duration, however burst 1 seems to split into two bursts, one at 0. On the other hand, it is known that a typical cluster in the outer disk will survive about twice as long as one in the inner disk (Janes et al., 1988) . The outer disk group is an homogeneous group whose members are dissolving on a time-scale on the order of 3-4 Gyr. This contribution is however negligible as we restrict our analysis to clusters younger than 2 Gyr.
In our previous analysis we have assumed that this age distribution is depopulated from extragalactic objects, so no open clusters have been incorporated into the galactic disk from accreted galaxies. An alternative scenario with excess clusters coming from accreted dwarf galaxies is considered in Section 8.
Limitations on the applicability of our method to a wider time range appear in connection to the small number of known open clusters older than 2 Gyr. With a resolution of 0.05 Gyr, our results are not statistically significant for an age older than 2 Gyr as the number of objects per age bin is too low. The need to provide reliable results limits the age range over which we can derive the star formation history to 0-2 Gyr, with the time resolution considered throughout the paper. However, our method can be applied to a wider time range if the time resolution has been lowered (de la Fuente Marcos & de la Fuente Marcos, 2004).
The last 0.2 Gyr
Contrary to what it appears to have taken place in the early stages of the star formation history of the Milky Way disk, which were ruled by accretion events and early mergers of satellite dwarf galaxies and star clusters that contributed to the formation of a substantial fraction of the old and metal-deficient stars in the Galactic disk, during the last 0.2 Gyr the star formation rate (see Fig.  8 ) has been remarkably stable with apparently no events of enhanced star formation. For a time resolution of 5 Myr (Fig. 8, small In the following section, we use this information to generate a power-law open cluster initial mass function with slope -2.8.
Open Cluster Initial Mass Function
The frequency distribution of stellar masses at birth, the so-called stellar initial mass function (hereafter SIMF), is a fundamental parameter to study the stellar mass spectrum. Salpeter (1955) used the observed luminosity function for the solar neighbourhood and theoretical evolutionary times to derive a SIMF which may be approximated by a power-law:
where n(m) is the number of stars per unit mass interval. The original value of α found by Salpeter is 2.35, for masses between 0.4 and 10.0 M ⊙ . The determination of the SIMF is a cornerstone in Astrophysics, since the SIMF determines the evolution, surface brightness, chemical enrichment, and baryonic content of all galaxies and it is also a fundamental link between stellar and galactic evolution. For recent reviews on the SIMF see Kroupa (2002) and Chabrier (2003) .
As many of the stars in the disk of the Milky Way appear to be the result of a clustered mode of star formation, the open cluster initial mass function (hereafter OCIMF) is also a fundamentally important distribution function to study cluster formation, chemical evolution of galaxies, and star formation in general. The fact that the SIMF and the OCIMF can be intimately related was first pointed out by Reddish (1978) . However, deriving the OCIMF is very difficult as cluster mass determinations are affected by several observational and theoretical biases: obscuration by dust, flux limits, incomplete sampling of cluster haloes, lack of information on the evolutionary state of the cluster, and uncertainties in stellar models and cluster dissolution rates. Although the OCIMF is not well constrained it can be written as a power law of the type 
If the process by which open clusters are formed is also able to produce individual stars, it appears reasonable that both SIMF and OCIMF should show similar slopes within the observational errors. Reddish (1978) found a slope equal to -2.2 from a sample of 72 open clusters. Vázquez and Feinstein (1989) estimated the OCIMF for the Milky Way disk using a sample of 130 clusters from Lyngå's (1987) catalogue. In order to find the distribution, they used the values of the masses quoted in the catalogue to obtain a slope α = 2.74 ± 0.09 for all the clusters in their sample. They also found that the slope is different for clusters with galactocentric distances smaller than the Sun's and clusters with larger galactocentric distances, although this may be an artifact due to incompleteness of the data. The topic of the distribution of the masses of star clusters has been re-visited for various star-forming galaxies (e.g. Bik et al., 2003; Elmegreen et al., 2000; Whitmore et al., 1999) . Kroupa and Boily (2002) have recently approached the subject from a theoretical point of view focusing mainly on large clusters. They found that the entire Galactic population II stellar spheroid can be generated if star formation proceeded via embedded clusters distributed like a power-law mass function with slope in the range (1.9, 3.6).
In this section we are going to infer the OCIMF for the quiescent Milky Way disk without considering the values of the cluster masses provided by the catalogues but taking into account the life-time scale obtained from simulations in Section 3 and the open cluster sample described in Section 2 to derive the OCIMF for the Milky Way disk. This method to construct an OCIMF has been outlined in Kroupa and Boily (2002 (see Fig. 9 ). The error associated to this determination can be estimated from the standard deviation obtained for the life-time of simulated clusters and is ∼ 20%. In this analysis we are not taking into consideration that a number of clusters (those younger than ∼ 60 Myr) may be still in the evolutionary stage driven by gas expulsion. This simplification is likely to have a minor impact on the overall results from this section because our results indicate that a significant fraction of open clusters formed during quiescence are in fact small.
The solar neighbourhood
In principle, our method will produce optimal results for volume-limited open cluster samples. In this section we consider a cluster sample in the solar neighbourhood. The solar neighbourhood is defined as a volume centered on the Sun that is much smaller than the overall size of the Milky Way galaxy and yet large enough to contain a statistically useful sample of stars (see, e.g., Binney & Tremaine, 1987). The appropriate size of the volume depends on which stars or objects are going to be investigated: for white dwarfs, which are both common and faint, it may consist of a sphere of radius 10 pc centered on the Sun, while for the bright but rare O and B stars, the solar neighbourhood may be considered to extend as far as 1 kpc from the Sun. In our analysis we will consider the latter in order to retain a statistically significant sample of open clusters.
There are 161 open clusters in our sample within 1 kpc of the Sun (and younger than 2 Gyr).
If we restrict our analysis to clusters closer than 1 kpc, the age distribution plotted in Fig. 10 In fact, our results appear to suggest that the solar neighbourhood experienced quiescent star formation at 1.2-2 Gyr. From Fig. 10 , the star formation rate history in the solar neighbourhood seems to be slightly different, with a nonwell defined period and narrower maxima. It is, however, easy to reconcile these apparent differences. The age distribution features interpreted as burst 1, 2, and 3 are clearly identified in Fig. 10 . Burst 4 and 5 may also exist but there are too few objects to confirm the hypothesis. On the other hand, uncertainties in the open cluster ages are smaller for closer clusters, therefore maxima are narrower and show better contrast against steady, quiescent star formation.
The Local Bubble
The Local Bubble region is a low neutral density interstellar cavity in the galactic plane that surrounds the Sun with radii between 65-250 pc (Sfeir et al., 1999; Lehner et al., 2003) . The cavity is surrounded by a dense neutral gas boundary or wall and it encloses the Hyades open cluster and the Arcturus group. The Local Bubble contains about 200,000 stars and it was probably carved out by multiple supernova explosions that occurred several hundred thousand years ago in the Scorpius-Centaurus association, a rich cluster of with an age of 787 Myr. Although the age span within the Local bubble is not wide enough to study the local star formation history it is interesting to see if some of the features already discussed can be recovered. Fig. 11 appears to indicate that burst 1 and 2 are represented within the Local Bubble with a relatively high number of open clusters around these two epochs. 
Comparison with other authors
The problem of deducing the star formation history of our Galaxy has been primarily studied through chemical evolution models although other methods have also been used: Hertzsprung-Russell diagram inversion, stellar evolutionary tracks (Twarog, 1980; Meusinger, 1991; Bertelli & Nasi, 2001) , chromospheric activity as measured by Ca II and K emission (Barry, 1988 , 1999) . Most of these studies have inferred an star formation history that is non-monotonic with time.
Although the majority of studies in this field use samples of stars in the solar neighbourhood with no stars more distant than about 100 pc being considered, it does not mean that the star formation history derived can only be applied to stars born in the solar neighbourhood. Nearby stars older than about 0.2 Gyr. come from birth sites which span a large range in Galactocentric distances. Wielen (1977) showed that the orbital diffusion coefficient deduced from the observed increase of velocity dispersion with age implies that such stars have suffered an rms azimuthal drift of about 2 kpc for an age of 0.2 Gyr. Considerable, but smaller, drift should occur also in the radial direction. Wielen et al. (1996) , on the basis of the Sun's metallicity and the radial metallicity gradient in the Galactic disk, estimated that the Sun has migrated outward by 1.9±0.9 kpc in the past 4.5 Gyr. Sellwood and Binney (2002) have discussed the dynamics of radial migration due to transient spiral arms, and the relationship between radial migration and disk heating. They estimate that old stars formed in the solar neighbourhood should now be scattered nearly uniformly throughout an annulus from 8.5±4 kpc. In this sense the star formation history inferred for nearby stars is a measure of the global star formation history, at least at the Sun's Galactocentric radius. It is, however, not clear how the diffusion process affects entire star clusters not standalone stars and it is likely that star clusters experience little or no (azimuthal, radial) drift over a life-time. His burst A appears to be a convolution of our bursts 1 and 2. Using the mainsequence luminosity function, Scalo (1987) found signatures of starbursts 5-6 and 0.3 Gyr ago. His 0.3 Gyr burst coincides with our burst 1. Twarog (1980) found that during the last 4 Gyr the star formation rate has remained more or less constant but there was a sharp increase from 4 to 8 Gyr ago. Although the time resolution in these studies is rather low (0.2-1.0 Gyr), their results seem to indicate that bursts 1, 2, and 5 have also been identified by other authors.
8 Age distribution maxima: enhanced star formation vs. extragalactic origin
Starburst events are often seen in interacting galaxies, and it seems reasonable to infer a causal connection between galaxy interactions (mergers and close encounters) and starburst activity. It is now becoming increasingly clear that average galaxies engulf and devour smaller satellite galaxies as part of a more general process of hierarchical merging. Our own galaxy, the Milky Way, may have been incorporating dwarf galaxies to its disk since it was formed. The Galaxy is encircled by satellite galaxies that appear confined to one of two great streams across the sky (Lynden-Bell & Lynden-Bell, 1995). The most well-known of these are the Magellanic Clouds and the associated HI Magellanic stream. All of these are expected to merge with the Milky Way in the distant future, largely due to the dynamical friction from the extended halo. The first strong evidence in favour of a hierarchical merging scenario for the Milky Way was presented by Ibata et al. (1994 Ibata et al. ( , 1995 Ibata et al. ( , 1997 In this scenario, the peaks in the open cluster age distribution can be interpreted as signatures of merger events. This is however a non-straightforward interpretation as the variations found in the star formation rate appear to be periodic in nature, and mergers are expected to be random in time. The actual sequence of events driving enhanced star formation episodes could be even more complex, with both tidal interactions and accretion events contributing to the global star formation history.
For the main open cluster sample used in this work (Mermilliod, 2003) , we find 97 clusters in the age range 0.2-0.6 Gyr and 80 objects in the age range 0.6-2.0 Gyr. There is a clear excess of clusters older than 0.6 Gyr. Strong star bursts are able to explain this feature but it could also be possible that some of these clusters may have been incorporated to the Galactic disk during accretion events in the recent past. 
The Canis Major galaxy role

Searching for dwarf galaxy remnants
In this paper we have shown that open clusters can be used as tracers to investigate the star formation history of the Milky Way disk. If a number of dwarf galaxies with their cohorts of star clusters have been eaten and digested in the past, open clusters absorbed from these galaxies can be used to find the trail left by the parent galaxy. Searching for groups of coeval old open clusters with similar distances located in the same region of the sky can help to identify the bulk of the accreted satellite.
Discussion and conclusions
Does the Galaxy form stars continuously, or in bursts separated by epochs of relative quiescence? If star formation occurs in bursts, what processes mediate the bursts? These are just two of the many questions that we have tried to answer in this paper. We have applied a new method to carry out an objective reconstruction of the star formation history of the Milky Way disk over the last 2 Gyr. A sample composed of 581 open clusters with known ages and distances was used in the derivation of this star formation history. Peaks in the age distribution diagram of the cluster sample were interpreted as signatures of star formation bursts. Our results indicate that the analyzed star formation rate presents two components: periodic episodes of enhanced star formation superimposed on a quiescent star formation level. A constant star formation history during the last 2 Gyr can therefore be discarded. A uniform rate of cluster formation and an exponentially declining dissolution rate would have produced a single population of clusters that would follow a straight line in a logarithmic plot with a slope given by the characteristic life-time of the population. Evidence for at least five epochs of enhanced star formation during the time interval studied has been found. The recent star formation history derived in this work is consistent with star formation rate histories deduced using a range of other techniques. Interpreting the age distribution diagram suggests that quiescent (non-enhanced) star formation has proceeded in discrete, highly-correlated regions of activity producing clusters which dissipate their parent molecular cloud on a time-scale of a few Myr (< 10 Myr). The vast majority of open clusters formed during the non-enhaced star formation periods are destroyed and their members become field stars in a time-scale < 20 Myr. However, there appears to be a long-lasting component as well, since some of the clusters are able to survive for over 0.2 Gyr. During bursts of star formation, the huge number of clusters formed make it possible to produce larger than average objects that could survive for several Gyr. A number of simulations were done in order to estimate the impact of the age errors on the features found in the age distribution diagram. Even for age errors larger than 30% some of these features (the younger ones) are still clearly identifiable. On the other hand, we have examined the possibility that the Galactic bursts are coeval with features in the star formation history of the Magellanic Clouds and the Sagittarius Dwarf Galaxy, as well as with close encounters between them and the Milky Way. Although the degree of uncertainty is significant, there are several coincidences that suggest tidal interactions as main inductive forces of burst of star formation in the Milky Way disk. Distant galactic encounters may trigger significant star formation but quiescent star formation in the disk of the Milky Way appears to be characterized by a large number of small, short lived open clusters that contribute a small fraction of the total number of stars formed (< 150 per cluster) with a small number of large, relatively long-lived clusters that may contribute most of the stars in the disk.
There is, however, a cyclic behaviour in the burst sequence that may be better explained by the density wave hypothesis (Lin & Shu, 1964) for the presence of spiral arms in late-type galaxies. A model like the one outlined in Hernandez et al (2000a) may be able to explain easily the 0.4 Gyr periodicity that we detect. Heating by spiral structure can explain the main features of the age-velocity dispersion relation and other parameters of the velocity distribution in the solar neighbourhood like why the stars in a single velocity-space moving group have a wide range of ages (De Simone et al., 2004). Studies on the nature of star formation triggering in large disks indicate that a number of mechanisms may operate concurrently: gravitational instabilities, shocks between colliding clouds of gas, enhanced pressure of the interstellar medium, strong stellar winds, supernova shocks (star formation triggered by nearby bursts of star formation), density waves, shear forces produced by differential rotation, and interactions or mergers with other galaxies. Star formation triggered by previous star formation events is a self-propagating process which may continue over a much longer period of time, hence it is possible that overall a relatively large fraction of star formation is triggered.
On the other hand, if the star formation history inferred from the age distribution of open clusters is consistent with that deduced for individual stars then one can consider this fact as an argument in favour of most of the observed stars being formed in some kind of star cluster. Since only a subsample of the young clusters are likely to survive, an obvious question is whether most of the field stars in a galaxy are originally formed in clusters. Even in these young star forming regions many of the field stars are from clusters that have already been dissolved, hence the true percentage of stars that were originally in clusters is even higher, and might conceivably be ≈ 100%. It is tempting to suggest that perhaps the majority of stars are formed in groups and clusters, and that the field stars are simply the remnants of the fainter, less dense clusters which have dissolved. In fact, infrared observations show that most star formation occurs in embedded star clusters within Giant Molecular Clouds. These clusters have masses in the range 50-10 3 M ⊙ (Lada & Lada, 2003) .
The third largest galaxy in the Local Group, Triangulum galaxy (M33, NGC 598) may be undergoing star formation events similar to the ones described in this paper. M33 is a spiral galaxy about half the size of the Milky Way. Chandar et al. (1999) have found 44 young clusters in M33 with ages ≤ 100 Myr and masses in the range 6 × 10 2 to 2 × 10 4 M ⊙ . M33 appears to currently be forming many young compact clusters but less massive than an older cluster population formed in a previous starburst with characteristic masses ∼ 10 5 M ⊙ .
Although our conclusions are uncertain as they are based on a relatively small (36%) subsample of a larger but still incomplete sample composed of almost 2000 open clusters, they are similar to the ones previously found by a number of other independent studies. This important fact contributes to confirm the validity of our approach to infer star formation histories (recent and old), not just for the Milky Way disk but for any other galaxy. On the other hand, if the conclusions obtained in this paper are correct the Galactic disk will start another episode of enhanced star formation within the next very few Myr if it is not already happening right now.
